The objective of the present study is to investigate effect of phosphorus fertilizer levels and potassium salicylate spraying on tomato growth, yield, quality and curly top virus severity % (TCTV) and incidence. Two field experiments were conducted in a private farm at El-Shamarka, Kafr El-Sheikh district, Kafr El-Sheikh governorate during 2014 and 2015 seasons. Split split plot design was used with four replicates. The main plots were assigned with three phosphorus levels 0, ) fruit length, fruit diameter, average fruit weight, TSS, acidity, N%, K% in the shoot and fruits. Potassium salicylate spraying had the highest values of stem length, number of branches/plant, leaves area/plant, dry shoot, dry fruit/plant, early and total yield ton fed -1 , average fruit weight, TSS, acidity, vitamin C and K% in fruits. Phosphate solubilizing bacteria inoculation increased stem length, leaves area/plant, dry shoots and fruit weight, early and total yields, fruit length, fruit diameter, average fruit weight, TSS, acidity and vitamin C, N%, K% in the shoot and fruits. Phosphorus at the level 15 kg P 2 O 5 fed -1 affected curly top virus (TCTV), decreased disease incidence %, disease severity % and increased reduction infection %. Disease severity comparing to the used rating scale (0-4) all the values of P levels from 12.21 up to 19.95% lies in class one (11-20%), this means that effect of P levels on (TCTV) was low. Potassium salicylate spraying decreased disease incidence %, disease severity % and increased reduction infection %. Comparing with the used rating scale clear that the values of K-salicylate (4.43, 9.75%) lies in the class zero (0-10%), while the control (21.79, 25%) lies in class two (21-30%), this means that Ksalicylate spraying was effective in decreasing (TCTV) in tomato.
INTRODUCTION
Tomato (Lycopersicon esculentum Mill) is the most important vegetable crop. It is considered a major vegetable crop in many parts of the world including Egypt. Tomato is a rich source of lycopene and vitamins A and C. Lycopene may help counteract the harmful effects of the free radicals which are thought to contribute to number of types of cancer. Fertilization and plant pathogens are the major factors affect tomato production. Under the Egyptian conditions, only a small part of phosphorus is utilized by plants and the rest is easily precipitated and converted into insoluble fixed forms and this cannot be utilized by the plants.
Phosphorus is an essential component of nucleic acid, phospholipids and energy rich phosphate compounds, thus, it plays crucial role in root growth, fruit and seed development, disease resistance, utilization of sugar and starch and transporting of genetic traits (Khan., 2009) . Tesfaye (2008) found that application of 120 kg P 2 O 5 /ha, resulted in superior tomato fruit yield, while Qiang and Monica (2017) concluded that 75 kg P 2 O 5 /ha was sufficient to grow tomato crop during the winter season in calcareous soil with 13-15 mg kg -1 DTPA extractable P. Multinutrients 20/20/20 increased tomato fruit yield, N% in shoots, N, P and K use efficiency (El-Hamdi., 2011 ). Pigna . (2012 reported that phosphorus fertilization plays an important role in alleviating arsenic toxicity in tomato plants. It has allowed to reduce arsenic translocation towards tomato barriers and enhancing plant P status.
Biofertilizers is a substance which contains living microorganisms, when applied to seeds, plant surface or soil, colonizes and promotes growth by increasing the supply or availability of nutrients to the plant. It added nutrients through N fixation, solubilizing phosphates and stimulating plant growth.
Phosphate solubilizing bacteria in the plant rhizosphere plays a significant role in releasing P from its insoluble complexes to a form that is more readily usable by plant (Hamissa ., 2000 , Nanis ., 2018 .
Tomato plants inoculated with phosphate solubilizing bacteria caused an increase in growth in shoots, roots early formation, increased the quality of fruits and seeds (Deepika ., 2013; Sharon ., 2016 and Sreedevi Sarson, 2016) . Turan . (2007) observed that phosphate solubilizing bacteria application converted approximately 20% of less available P into labile forms. Kamil . (2015) stated that, combination of growth promoting bacteria and triple super phosphate had significant effect and increased the yield and growth traits of tomato.
Plant pathogens are responsible for about 15-30% crop annual losses in Egypt as well as worldwide. Salicylic acid is a plant phenol and today it is in use as internal regulator hormone due to its role in the defensive mechanism against biotic and abiotic stresses (Khan ., 2003) .
Virus chemotherapy due to interference with processes which are associated with the initial phases of viral replication or inhibition of virus, specific events that occur during viral maturation and assembly (james ., 1997; Dangl and Jones, 2001 and Leverson ., 2001 ). Salicylic acid is considered one of the key endogenous signals involved in the activation of numerous plant defense responses Klessing, 1999 and Hayat ., 2010) . Salicylic acid is an important signal molecule in plant that is required for the induction systemic acquired resistance against wide variety of pathogens including fungi, bacteria and virus (Danpsay ., 1999; Kobeasy and Salwa, 2005 and Karban and Chen, 2007) . Salicylic acid can enhance the plant growth, yield and quality of tomato (Khodary, 2004 and Javaheri ., 2012) .
The objective of the present study is to investigate effect of mineral, bio-phosphorus fertilization and potassium salicylate spraying on tomato growth, yield and yield quality as well as disease severity and incidence of tomato curly top virus (TCTV).
MATERIALS AND METHOS
Two field experiments were conducted in a private farm at El-Shamarka, Kafr El-Sheikh district, Kafr El-Sheikh governorate during two successive summer seasons of 2014 and 2015. Split split plot design with four replicates was used. The main plots were assigned with three phosphorus fertilizer levels of without, 15 kg P 2 O 5 fed -1 and 30 kg P 2 O 5 fed -1 . The sub plots were assigned by two salicylic treatments of without salicylic spraying and spraying with potassium salicylate at the rate of 300 mg L -1 salicylic at spraying solution (Potasal). The sub sub plots were assigned by two biofertilizer treatments of without biofertilizer inoculation, and inoculation with phosphate solubilizing bacteria (Bacilus megatherium). Tomato (Lycopersicon esculentum L.) variety 1077 was used. Seedling transplanted on 5 th may in the first season and 7 th May in the second season. The micro plot area was 19.5 m 2 (3 ridges, 5 m in length and 1.3 m in width). Composite soil sample was collected from (0-30 cm) of the experimental soil, air dried passed through 2 mm sieve. Soil ECe was determined in soil paste extract, pH measured in 1:2.5 soil:water suspension, cations and anions were determined in soil paste extract according to Jackson (1967) . Particle size distribution, and bulk density were determined according to Black . (1965) . Available N, P, K and OM were determined according to Cottene . (1982) . Some physical and chemical properties of the experimental soil are shown in Table (1) . 
BD = Bulk density
Recommended N was applied as ammonium nitrate 33.5% in four doses, P was applied as calcium super phosphate 15.5% P 2 O 5 before transplanting and incorporated in the soil, potassium was applied at the recommended dose in one dose with the first irrigation.
Salicylic was sprayed as potassium salicylate (20% K 2 O and 12.5% salicylate) Potasal in the concentration of 300 ppm salicylate, the control (without salicylate) was sprayed by potassium (480 ppm) equal with the presence of potassium salicylate. Stem length cm, number of branches/plant, leaf area (cm 2 ), dry weight of shoots (g/plant), dry weight of fruits (g/plant), early yield (ton/fed.), total yield (ton/fed.), fruit length (cm), fruit diameter (cm), average fruit weight (g), TSS%, vitamin C (mg/100 g fresh weight) and acidity % were measured. Samples of shoots and fruits were oven dried at 70 o C and fine ground, wet digested using mixture of sulfuric and perchloric acids. Total N% was determined by Kjeldahl method, total K% was measured by flame photometer according to Jackson (1967) . TSS was determined by using the hand refractometer. Vitamin C was determined by titration as the method mention in AOAC (1990) . Also, total titratable acidity was determined according to the method described by AOAC (1990) .
Disease incidence %, reduction of infection % and disease severity% were evaluated.
Disease severity was evaluated by visual observation of systemic leaf (fourth-fully expanded leaf from the top) following as rating scale of 0-4 as following: 0=No symptoms; 0-10% Infection 1=Vein, clearing after some time; 11-20% 2=Mild stant with curling; 21-30% 3=Very curling with severe stunting on infected plants; 31-60% 4=Pale leaves, flowering and fruits; >60%. Statistical analysis was conducted according to Snedecor and Cochran (1967) . Table ( ). The lowest values were obtained with the treatment of without phosphorus fertilization. In respect to salicylic spraying as inducer or antioxidant, spraying led to significantly increases in stem length, number of branches and leaves area per plant in both seasons compared to the treatment without salicylic spraying. Inoculation with phosphate solubilizing bacteria significantly increased tomato stem length and leaves area/plant in both seasons. On the other hand, no significant difference in number of branches/plant due to inoculation. The interaction between phosphorus levels and salicylic spraying show 15 kg P 2 O 5 and spraying with salicylic had the best stem length, number of branches and leaves area/plant ( Table 2 ). The interaction between phosphorus levels and bioinoculation show that the best treatment of stem length, number of branches and leaves area/plant was 15 kg P 2 O 5 /fed. and biofertilizer inoculation in both seasons ( Table 2 ). The interaction between salicylic spraying and biofertilizer inoculation, show the highest values were obtained with salicylic spraying and biofertilizer inoculation ( Table 2 ).
Disease incidence% =

RESULTS AND DISCUSSION
Data presented in
The interaction between phosphorus levels, salicylic spraying and biofertilizer inoculation show that, the highest stem length, No. of branches and leaves area/plant were obtained with 15 kg P 2 O 5 fed -1 + salicylic spraying + bioinoculation ( Table 2 ). The previous data may be due to available P in the soil before transplanting was less than plant need and application of P fertilizer and P solubilizing bacteria increased their availability. These results are in agreement with those obtained by Khan . (2009) and Sharon . (2016) . Salicylic acid may induce resistance against biotic and abiotic stress, these results enhanced by Kobeasy and Salwa El-Hamid (2005) . Table ( 3) show that phosphorus fertilization levels high significantly affected tomato dry weight of shoot and fruits per plant in both seasons. The highest dry shoot values were obtained with 15 kg P 2 O 5 fed -1 (240.5 and 235.69 g/plant). While the highest dry fruit weight values were obtained with 30 kg P 2 O 5 fed -1 (6.1 and 6.1 g/plant) in the first and second seasons, respectively. On the other hand, the lowest values were recorded with zero phosphorus. These results are in harmony with those obtained by Deepika Divya Kadiri . (2013) . Spraying salicylic acid high significantly increased tomato dry shoot and fruits per plant (226.91, 209.85 ) and (5.9, 5.94 g/plant) compared to the treatment without salicylic spraying (213.78, 198. 3) and (5.53, 5.64). These results are in harmony with those obtained by Khodary (2004) . Inoculation with phosphate solubilizing bacteria high significantly increased dry shoot and fruits per plant (226.65, 213.86) and (6.09, 6.08) compared to (215.04, 194.28 ) and (5.34, 5.5) g/plant in the first and second seasons, respectively. These results are in agreement with those obtained by Sreedevi Sarsan (2016) . The interaction effect between phosphorus levels and salicylic spraying was highly significant on tomato dry shoot weight (g/plant), where the highest values were obtained with 15 kg P 2 O 5 + salicylic spraying. On the other hand, no significant differences in fruit dry weight were detected. The interaction between phosphorus levels and bioinoculation (Table 3) show high significantly increase in dry shoot and fruits weight/plant. The highest values were observed with 15 kg p2O5 + bio-inoculation in shoot weight, while in dry fruit weight the highest values with 30 kg P 2 O 5 + bio inoculation. The interaction between salicylic spraying and bio-inoculation (Table 3) show that the highest dry shoot and fruits/plant were recorded with salicylic spraying + bio-inoculation in both seasons.
Data in
Early and total yield (ton fed -1 ) significantly affected by phosphorus levels, salicylic spraying and phosphate solubilizing bacteria inoculation ( Spraying with salicylic led to high significantly increase of early and total yields ton fed -1 in both seasons, compared to without spraying one. Phosphate solubilizing bacteria inoculation high significantly increased early and total tomato yields (3.79, 3.63) and (13.78, 14.47) ton fed -1 compared with (3.61, 3.44) and (13.52, 14.31) ton fed -1 in the control. These results are in agreement with those obtained by Tesfaye (2008) who concluded that phosphorus application resulted in superior tomato fruit yield. Javaheri . (2012) reported that application of salicylic acid had higher fruit yield of tomato. Kamil . (2015) found that combination treatment of biofertilizer and chemical fertilizer increased the yield and growth of tomato. The interaction between phosphorus levels and salicylic spraying had no significant effect on early yield and high significantly increased total tomato yield. The highest total yield values were with 15 kg P 2 O 5 + salicylic spraying. The interaction between phosphorus levels and bio inoculation show that early yield high significantly increased with 30 kg P 2 O 5 fed -1 + bio inoculation, while the total yield high significantly increased with 15 kg P 2 O 5 + bio inoculation.
The interaction between phosphorus levels, salicylic spraying and bioinoculation show that the best treatment for early yield was 30 kg P 2 O 5 + salicylic spraying + bioinoculation. While the best treatment for the total yield was 15 kg P 2 O 5 fed -1 + salicylic spraying + bio inoculation.
Data tabulated in Table (5) show that, tomato fruit length, fruit diameter and average fruit weight high significantly affected by phosphorus levels in both seasons. The highest fruit length (7.41, 7.13 cm), high fruit diameter (5.48, 5.44) and highest average fruit weight (108.58, 109.81) g/fruit were obtained with 30 kg P 2 O 5 fed -1 in the first and second seasons, respectively. On the other hand, the lowest values were observed with the control (without phosphorus treatment). These results are in line with those obtained by Qiang and Monica (2017) . Spraying tomato with salicylic high significantly increased average fruit weight (102.0, 105.75 g/fruit) in the first and second seasons, respectively compared with (93.01, 94.53). These results are in line with Hayat . (2010) . Data in Table (5) show that biofertilizer inoculation high significantly increased fruit length, fruit diameter and average fruit weight in both seasons compared to uninoculated one. These results are in harmony with those obtained by Sreedevi Sarsan (2016). No significant differences in fruit length, fruit diameter and average fruit weight except average fruit weight in the second season, due to the interaction between phosphorus levels at 15 kg P 2 O 5 and salicylic spraying. The interaction between phosphorus levels and biofertilizer inoculation significantly affected fruit length in the second season, fruit diameter in the second season and average fruit weight in both seasons. The highest average in the second season and average fruit weight in both seasons.
The highest average fruit weight (116,43 and 117.83) g/fruit were obtained with 30 kg P 2 O 5 + biofertilizer inoculation. Average fruit weight and fruit diameter in the second season, were significantly affected by the interaction between salicylic spraying and biofertilizer inoculation. The interaction between phosphorus levels, salicylic spraying and biofertilizer inoculation significantly affected average fruit weight in the second season only. The highest value was obtained with 15 kg P 2 O 5 + salicylic spraying + biofertilizer inoculation.
Effect of phosphorus levels, spraying with salicylic and biofertilizer inoculation on tomato TSS %, vitamin C mg/100 g fresh weight and acidity% are presented in Table   ( The interaction between phosphorus levels and salicylic spraying significantly affect TSS% in the second season, the best value (5.45%), vitamin C in both seasons (33.85, 29.13) were obtained with 15 kg P 2 O 5 fed -1 + spraying with salicylic.
The interaction between phosphorus levels and biofertilizer inoculation (Table 6) show that 15 kg P 2 O 5 fed -1 + biofertilizer inoculation had the highest vitamin C, while the highest acidity in both seasons and TSS in the first season were observed with 30 kg P 2 O 5 fed -1 + biofertilizer inoculation. The interaction between salicylic spraying and bioinoculation had the highest values of TSS, vitamin C and acidity. The interaction between P levels, salicylic spraying and bio-inoculation show that the best vitamin C, values with 15 kg P 2 O 5 fed -1 + salicylic spraying + biofertilizer inoculation, while the highest acidity values with 30 kg P 2 O 5 fed -1 + salicylic spraying + bioinoculation.
Data in Table ( . On the other hand, the lowest values were detected without phosphorus treatment. These results are in agreement with those obtained by Kamil . (2015) . Also, it had the lowest disease severity% values (12.21 and 12.23%) comparing with the other used phosphorus levels. On the other hand, treatment of without phosphorus had the highest disease incidence % (29.3 and 33.9), lowest reduction infection % (38.49 and 27.97%) and highest disease severity%. In respect to disease severity comparing with the used rating scale (0-4) all the values of phosphorus levels (0, 15 and 30 kg P 2 O 5 fed -1 ) from 12.21 up to 19.95% lies in class one (11-20%), this means that effect of phosphorus levels was less effect on tomato curly top virus (TCTV). These results are in same line with those obtained by Klopper . (2004); Rashid . (1995) ; Keinath and Loria (1996); Choudhary . (2007); Lanlcioni (2008) ; El-Borollosy and oraby (2012); Graham (1999) and Huber . (2012) .
In respect to salicylic spraying, it was decreased disease incidence % from (37.79 and 39.58) to (18.02 and 18.42), increased reduction infection % from (23.59 and 16.04) to (62.02 and 60.02) and decreased disease severity % from (21.79 and 25.17) to (4.43 and 9.75) in the first and second season, respectively.
Comparing the disease severity values under salicylic spraying (with and without) with the used rating scale clear that the values with salicylic spraying (4.43 and 9.75%) lies in the class zero (0% to 10%), while the values of without salicylic spraying (21.79 and 25.17%) lies in the class 2 (21-30%). This means that salicylic spraying was effective in decreasing tomato curly top virus (TCTV). These results are harmony with those obtained by Shah and Klessig (1999) ; Kobeasy and Salwa El-Hamid (2005) ; Radwan . (2007); Radwan . (2008); Hayat . (2010 ), Aminalah . (2011 ) and Blaebler . (2011 who concluded that salicylic is an important signal molecule in plant that is an important signal molecule in plant that is required for the induction systemic acquired resistance against wide variety of pathogens including virus.
The interaction between phosphorus levels and salicylic spraying and bioinoculation show that the best treatment was 15 kg P 2 O 5 fed -1 + salicylic spraying + bioinoculation in both seasons.
CONCLUSION
Under non-saline soil ECe 2.1 dSm -1 , moderate available phosphorus (5-6 ppm) 15 kg P 2 O 5 fed -1 + inoculation with phosphate solubilizing bacteria produced tomato best growth parameters, yield, yield components and quality. Spraying with salicylic at the rate 300 ppm in the spraying solution induced resistance against curly top virus (TCTV) and decreased disease severity %.
